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The decay constant for the vector state of 3S-level in the heavy (bc)-quarkonium is evaluated 
in the framework of sum rules for the mesonic currents. A scaling relation for the constants of 
• vector quarkonia with different quark contents is derived. The numerical estime gives F(Bc + (35*) — > 

OS ■ B+D°) = 90 ± 35 MeV. 
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I. INTRODUCTION 



The experimental search for the Bj~ meson in the facilities with the vertex detectors (OPAL [JlJ, 
ALEPH |), DELPHI [land CDF Q) stimulated the theoretical studies on the spectroscopy of the 
heavy (6c)-quarkonium~||, mechanisms of its production in different interactions |J and on estimates 
of different decay widths for the both basic state j?| and excited levels |B|]^]. The feature of the (bc)- 
(^-^ ' system is the absense of the annihilation decay modes caused by the strong or electromagnetic 

, interactions. So, the basic pseudoscalar state decays due to the weak interaction, and it is the 

■ long-lived particle, t(B^) = 0.55 ± 0.15 ps |t],[|. The excited (fcc)-quarkonium levels lying below 

the threshold of the decay to the heavy meson BD pair, radiatively transform into the (fcc)-states 
with the smaller masses. The B* + (3S) state is above the BD thershold, so its decay is analogous 
to T(4S) — > B + B~ . The constant of the latter decay was considered in ref. in the framework 
of the sum rules for the mesonic currents. 

In this work we consider the g constant for the decay of the vector quarkonium, generally contain- 
er |' ing the quarks of different flavors, say, (be) for the definite notations. This heavy quarkonium with 
the mass M, satisfying the condition tub + mo < M < tub* + mo*, decays to the heavy meson 
pair B + D°. We derive the scaling relation 



g 2 ( fyi 



M \ M 



= const. 



' where fiBD = msm_D / (mB+mo) is the reduced mass of the heavy meson pair. The constant value in 

5-H | the right hand side of the relation is the same for the decays of T(4S') — > B + B~ , B* + (3S) — > B + D° 

and V(3770) -> D+D~, where n BB = M T(4S) /4, fj, DD = M^ (3770 )/4. 

In Section II we consider the sum rules for the mesonic currents. In Section III the scaling 
relation is derived and numerical estimates are performed. In the Conclusion the obtained results 
are summarized. 



II. SUM RULES 

Let us consider the vector current of mesons 

J* D {x) = \ [B + (x) ■ d^D°(x) - d^B+(x) ■ D°(x)} 

and define the contribution of this current into the leptonic Jbd constant of the vector (bc)- 
quarkonium lying above the BD-threshold 

if BD MeP e px = (0\4 BD (x)\V Cbc) ,X) , (1) 

where A is the polarization of the V($ c \ state, is its vector of polarization, p is the momentum, 
p 2 = M 2 . 
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Further, introduce the T form factor for the transversal interaction of the BD pair with the vector 
Afj. current due to the vertex 

where q = Pb+Pd, Pb,d are the momenta of the meson lines directed out the vertex, and pb = qB+k, 
Pd = qD — k, qs,D ■ k = 0. Thus, one has 



(0\4 bd (0)\B + (pb)D°( Pd )) = i T{q 2 ) fc" 



Consider the transversal part of the current correlator, 



rfJAq 2 ) = I [~sT + ^f- ) J <fxe^{Q\T Jl BD (x)J* D {Q)\Q) ■ 

One can isolate the contribution of the resonance lying above the kinematical threshold of the BD 
pair, so that 

ntr , 2, ftpM* , f°° ds M 
n Jj(l ) = TT9 I* + / . 



J a th 

where p(s) is the density of the nonresonant contribution. On the other hand, the form factor in 
(Q) determines the value 

1 Ikl 3 

3mII^(q 2 ) = — T 2 {q 2 ) , 

87r Sy/q 2 

where |k| 2 = — k 2 — (q 2 + m 2 B — m 2 D ) 2 / (4g 2 ) — m 2 B . Write down the sum rules for the mesonic 
currents 

where Si = (tub + mo) 2 - One can consider the following model for the continuum density in the 
form 

p(s) = —QmU^^fs) 0{s - s t h) ■ 
Then the sum rules are given by the following expression 



f BD M 2 i r th ds 



r 3mnyj(s) 



M 2 — q 2 tt J g s - q 2 

The value of the continuum threshold is determined by the energy of new channels in the particle 
production by the J M current. As was shown in [(to) for the T(4S) -> B + B~ and ^(3770) -» D + D~ 
decays, this value is given by the threshold of production of the vector B* + B*~ and D* + D*~ states, 
so that we suppose 

Sth = {m,B* + mo') 2 ■ 

Define 

2/^ , AmBrriD 



v 2 (s) = 1 

s — (ma — mo) 2 

i 

th 



Then one has v\ h <C 1. 

Further, the consideration of the T form factor in a model for the B + B~ and D + D~ currents 
|uj resulted in the fact that relation (^) and its initial four derivatives over q 2 at q 2 = give the 
stable value of / with the accuiracy of 5% to 25%, correspondingly. Allowing for the mentioned 
region of applicability (the number of the spectral density moment is less than 5), one can transform 
the integration in (Ul) to the variable of v 2 (s) and suppose q 2 = and T{s) ps 3~{si) = F. Then at 
v th 1 and |k| ~ 2(j,bdv, one has 



,2 „ 1 [ Vth , 2 3 f^B D Y F 2 M 

So 

, FM ( AfJLBD 
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Introduce the transversal vertex of the V(i c \ state decay to the B D pair 

C a = g e< A) • fc" . 

Vertex (^) results in the imaginary part of the Jbd constant, so that ^mfsD{q 2 ) — » at q 2 — > Si, 
and, hence, 'SsmfsD <C Ke/so- Using the vector dominance, one can easily get the relation between 
Qtu/bd and the transversal correlator determined by the current of decay and the mesonic 
current of J„ p"o| 

3mn' F r 9 (g 2 ) = -— Qmf B D , 

where SJmll^ coincides the expression in ([|) with the substitution F 2 — > _F<?. Then the dispersion 
relation for the Jbd function at q 2 = s; = (mj + itid) 2 gives 

, 1 Fgf ifiBn Y M 3 

/flfl = i^T^irJ 

Comparing (|) with ([?]), one finds 

V 4 ^ SD / V 10 «th 



III. SCALING RELATION AND NUMERICAL ESTIMATES 

As has been mentioned, the vth value is determined by the threshold of production of the vector 
excitations for the heavy mesons, B* + and D*° , so 

2 1 
Vth ~ „ (Am B + Amu) , 

where Ams = ms* — ms, Anin = m_o* — m_o. In the Heavy Quark Effective Theory (see review 
in one has 

mflAmj = ranAniD = const. , 

independently of the heavy quark flavor with the accuracy up to corrections over A.QCD/mB,D- 
Hence, one gets 

vth ■ ubd = const. 

Using (^) and (0), one can easily obtain the scaling relation for the decay constant of the heavy 
vector quarkonium with the mass ms + n%r> < M < m_g» + mo* 

f! (^jA =const 

M \ M J 

Relation (^) is in a good agreement with the experimenal data on the ratio of constants for the 
decays of T(4S) -> B + B~ and V(3770) -> D + D~ , where one has the accuracy of Ag ~ 3 (see 
table I). Note, that the estimate due to (^) giving Qxbb ~ 57 agrees the experimental value taken 
as the input parameter for the scaling relation. The latter fact points out the self-consistency of 
the method resulting in ([To]). As for the accuracy of the scaling relation, it is determined by the 
uncertainty in the sum rules, where eq.Q has been derived. Remember, that the stability of the / 
constant calculation over the initial 5 moments of the spectral density changes from 5% for T(45) to 
25% for i/>(3770) with the decrease of the vector state mass. This must be included in the systematic 
uncertainty of the method used. We evaluate Ag/g ~ 15 — 20% for B* + (3S), so that 

gB c BD = 49 ± 8 . 
The decay width is determined by the expression 

r(B: + (3S) - B+D°) = ±- g 2 ^ « 90 ± 35 MeV. 

We assume that the channel of decay to B* D can be neglected, since it is suppressed by the third 
power of the momentum of the decay final states due to the greater mass of B* in comparison with 



the B mass. Then taking into account the channel B°D + , the total width of B* + (3S) is equal to 
r tot = 180 ± 70 MeV. We have supposed M(B* + (3S)) = 7.250 GeV §| in the numerical estimate 
of ([n]). Note, that the width strongly depends on the difference of masses, AM = M — (tub + fnn) 
determining |k|. At the used value of the quarkonium mass, one has AM ~ 110 MeV, which differs 
from AM ~ 30 MeV for the decays of T(4S) -> B + B~ and ^(3770) -> D + D~. The larger phase 
space results in the fact that the total B* (3S) width is one order of magnitude greater than the 
total widths of T(45) and ^(3770) having V to t ^ 24 MeV. 



IV. CONCLUSION 



In this paper we have considered the sum rules for the mesonic currents. These sum rules allow 
one to determine the coupling constant of the heavy vector (fec)-quarkonium decaying to the heavy 
meson pair, 




where ms + mo < M < tub* + mo* • The value of Vth determining the threshold of the nonresonant 
contribution into the transversal correlator of currents, is given by the mass splitting between the 
vector and pseudoscalar states of heavy mesons, and it possesses the definite scaling property, so 
that one has derived the relation 




= const. , 



which is in a good agreement with the experimental data on the constants of decays of T(4S) — > 
B + B~ and V(3770) -> D + D~. The numerical estimate of the B* + (3S) -» B + D° decay width 
strongly depends on the mass difference AM — M — (tub + bid) determining the phase space, so 
that at M(B*+(3S)) = 7.250 GeV one has found F = 90 ± 35 MeV. 
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TABLE I. The predictions of scaling relation in comparison with the current experimental data 



value 


exp. 


scaling rel. 
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5V(3770)^D+D- 
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